To obtain information on the luminal absorption of oyster zinc, the zinc action during an in vitro protease digestion of oysters was examined. More than 90% of the zinc rendered solute at pH 1.3 or 3.0 irrespective of the pepsin digestion. The solute zinc was par tially re-precipitated by neutralization, and trypsin digestion did not render the re-precipi tated zinc solute. When the pepsin digestion was performed at pH 5.0, the ratio of soluble zinc in trypsin digest decreased. When the trypsin digest was fractionated by Sephadex G -25, the zinc was eluted later than the peptide fragments. These results indicate that the pH of the stomach juice rather than peptides released by the digestion of oyster protein highly contributes to the oyster zinc in the small intestine becoming solute.
Zinc is an essential trace element in human nutri tion. The latest National Nutritional Survey has indi cated that there is a suboptimal zinc status in the Japanese population (1) . To improve zinc nutrition, effective utilization of several food sources with high zinc concentration is necessary. According to the Stan dard Tables of Food Composition in Japan, oysters con tain zinc at a particularly high level (2) , and so their use is expected in the zinc-enrichment of foods or the pro duction of the zinc supplements.
It has been established that zinc in foods shows vary ing absorption rates due to various dietary factors including chemical characteristics (3) . Even though oysters contain zinc at a high level, their contribution to zinc nutrition will remain unclear unless information on the absorption of oyster zinc is obtained.
Many approaches have been used to investigate zinc absorption in foods. The in vitro approach to zinc absorption has been performed by several researchers (4) (5) (6) . In these reports, the solubility and chemical characteristics of zinc in an in vitro digest were used for an index of absorption. In the present study, to obtain information on the luminal absorption of oyster zinc, the chemical characteristics of oyster zinc and its action during an in vitro protease digestion of oysters were examined. Analyses. One gram of the homogenate of the whole shelled oyster or each tissue was mixed with 10mL of nitric acid (metal-free grade, Wako) and heated in a boiling water bath until the insoluble component disap peared. The protease digests were also rendered solute with nitric acid in a similar manner. Then, the acid digests were diluted with deionized water. The zinc level in the diluted acid digests and the eluates of the Sepha dex G-25 chromatography was determined with an atomic absorption flame emission spectrophotometer (AA-6200, Shimadzu). The zinc analysis was verified using standard reference materials (RM 8414, bovine muscle powder, National Institute of Standard & Tech nology, USA). In addition, we confirmed that the zinc values in the oyster homogenate digested with nitric acid were coincident with those digested with nitric acid and perchloric acid. Nitrogen was determined by the Kjeldahl method.
Statistics. When necessary, analytical results were assessed by analysis of variance (ANOVA) followed by Fisher's PLSD test for multiple comparisons using a per sonal computer (iMac OS 8. 6, Apple Computer, Cuper tino, CA, USA) with the statistical analysis software package StatView ver. 5.0 (Abacus Concepts, Berkeley, CA, USA).
RESULTS

Fractionation of whole homogenate
The solubility of zinc in the 20% oyster whole homog enate was 22.5%. Figure 1 shows the results of frac tionation of the soluble fraction under 4 different gel chromatography systems. When the chromatography was performed using HPLC systems (Fig, la and b) , zinc was co-eluted with high-molecular weight protein at a retention time that corresponded to a void volume irre spective of the kind of elution solvent. On the other hand, zinc was eluted into two peaks and the elution pattern of zinc was similar to that of the absorbance at 280nm in the fractionation by Sephadex G-25 with Tris-HC1 buffer (Fig. lc) . However, when 0.1M NaCl was used as the elution solvent in the Sephadex G-25 column chromatography, zinc was eluted with a broad range and the elution pattern of zinc was not coincident with that of the absorbance at 280nm (Fig. 1d) . Action of zinc during protease digestion Fig. 2a) was similar to that in the undigested homogenate (Fig. id) . However, when trypsin-digestion was performed, the zinc was eluted later than the peptide fragment monitored by absorbance at 280nm (Fig. 2b) . When zinc chloride solution (10µg zinc/mL) was fractionated in this chro matography system, zinc was eluted with a broad range at an elution volume of 500 to 750mL (data not shown).
When pepsin digestion was performed at pH 3.0, the zinc solubility at each step was similar to that with pep sin digestion at pH 1.3 (Table 2 ). However, when pepsin acted at pH 5.0, the zinc solubility, due to acidic pH, was incomplete; about 40% of the oyster zinc remained insoluble. This incomplete solubility in acidic pH influ enced the zinc solubility at the end of trypsin digestion and more than half the oyster zinc remained insoluble.
DISCUSSION
As described in Table 1 , more than 70% of the zinc was insoluble in the untreated oyster homogenate at pH 7.4. In the fractionation of the soluble fraction by HPLC with a molecular exclusive resin, zinc was co-eluted with the protein fraction ( Fig. la and b) . Thus, it is likely that the soluble zinc is mostly bound to protein. However, the affinity of zinc to protein may be mild because the elution pattern of zinc varied depending on the kind of resin or solvent used in the chromatography ( Fig. lc and d) . Several metallothionein-like proteins containing zinc have been found in oysters (7, 8) . How ever, Fig. 1 shows the absence of such a specific zinc containing component. Further examination is neces sary in the search for a specific zinc-containing protein in oysters.
When the oyster homogenate was mixed with U.1 M HCI, more than 90% of the zinc was rendered solute irrespective of the pepsin digestion. The solute zinc was partially re-precipitated by neutralization of the pepsin digest, but nearly 70% remained solute in the neutral ized digest. Probably, most oyster zinc is present as a form tightly bound to oyster component(s), and is in soluble and biologically inactive. Diluted HCl, a main component in stomach juice, releases zinc from the component(s) as a bivalent zinc ion (Zn (II)) which is highly soluble at a low pH. Because of the lower solubil ity of zinc hydroxides at pH 7 to 10 (9), a part of Zn (II) released by HC1 could be re-precipitated by neutraliza tion, but several parts remained soluble due to the for mation of a complex with a protein or a peptide contained in the pepsin digest.
It has been believed that amino acids or peptides accelerate the luminal absorption of zinc due to the for mation of a soluble complex with zinc (3). In addition, it has been reported that solubility of zinc in beef was accelerated by protease digestion (10) . Therefore, it was expected that the release of peptides or amino acids by the protease from the oyster protein would increase the ratio of soluble zinc. However, as described in Table 1 , pepsin or trypsin digestion did not increase the ratio of soluble zinc. When the trypsin digest was fractionated by Sephadex G-25, zinc was eluted later than the pep tide fragments. Probably, the resin acted as a ligand for Zn (II). This implies that the affinity of Zn (II) with the peptide fragments released by the trypsin digestion is lower than that with the untreated protein.
When the pepsin digestion was performed at pH 5.0, the ratio of soluble zinc in the trypsin digest decreased (Table 2 ). These results indicate that the release of zinc by stomach juice highly contributes to the solubility of oyster zinc even in the small intestine; the pH of stom ach juice rather than peptides released by the digestion of oyster protein is an important factor for zinc absorp tion.
